The influence of habit form on progeny growth was studied within the evaluation of the height growth of curly birch hybrid progenies. In all years 1998, 1999 and 2001 statistically significant differences in height were found between progenies in dependence on the hybrid combination of their parents. A large variability of heights was recorded in particular hybrid combinations nearly in all evaluated years. The effect of distant hybridisation can occur within the combination of the parents with different habit forms and their progenies reach excellent growth rate. The qualitative characteristics -rhytidome colour, occurrence of curly grain (decorative timber) on the trunk and branches and habit form were evaluated in 2001. The results confirmed statistical significance of the relationship between hybrid combination and occurrence of the studied qualitative characteristics in their progeny. The curly grain on trunk was found in all evaluated progenies, in four of them the ratio of individuals with curly grain and individuals without it was 2:1, in one progeny it was in 1:1. The proportion of birches with decorative timber will possibly increase because especially fine types of curly grain can be correctly identified at higher age.
The curly birch (Betula pendula Roth. f. carelica Sok.) is a rare plant, but of high commercial value. More than two centuries the attention has been paid to this woody plant with respect to its decorative timber with brown coloured drawing ( Figure 1 ): in cross-section the decorative drawing of timber looks like letter "V", in longitudinal section it looks like many waving strips, which recalls marble. In areas with more abundant occurrence of this plant its timber is used for the facing of representative rooms and ship interiors, for production of valuable veneers and furniture, in woodcarving and for making souvenirs. In addition curly birch has characteristics of the typical pioneer woody-plant, decorative habit, extraordinary curly grain on the trunk and branches, which makes this plant an interesting element of the landscape.
In 1975-1985 detailed study of the birch was carried out with special regard to its valuable technical forms in Slovakia. The curly birch was Figure 1 . Curly birch timber -the surface of the trunk without bark (le�) and longitudinal section of the trunk with decorative brown pa�ern (right) found in nearly 80 localities. About 330 curly birch individuals were propagated xenovegetatively (by grafting) and also generative progenies from seed collection were obtained in several localities for conservation of this valuable gene pool. This material was used for establishing a seed orchard and for plantings in Borova hora Arboretum of the Technical University in Zvolen. Material that is the object of evaluation in this paper was obtained from the mentioned base in the course of subsequent work.
The most frequent and known occurrence of curly birch is in the north-eastern area of Russia, in Baltic countries and in the southern part of Scandinavia. The scattered occurrence of this plant is mentioned from northern Ukraine, eastern parts of Germany and Poland. The whole area of its distribution lies between 48°40´and 63° of northern latitude and between 10° and 39° of eastern longitude. Especially in the last decade several new localities with curly birch were found (L���������� 1978; J��������� 1989; P���� & P������� 1994) .
Several authors (K������ 1956; H�������� 1957; V����� 1961; K���� 1977; P���� 1985) reported the occurrence of curly birch in the territory of the Czechoslovak Republic.
The curly birch is a polymorphic taxon whose individuals can be different in growth characteristics (tree or shrub forms), habit, branching, morphological characteristics of leaves, beginning and periodicity of fructification, richness of fruits, shape, size and multiplicity of curly grain, structure of its timber, etc. Therefore different classification systems were elaborated according to the mentioned basis. The Russian author L���������� (1978) elaborated one of the most detailed classifications. She distinguished seven growth forms of curly birch and took into account also the type of curly grain that is connected with timber texture. In addition, tree and shrub forms of birch with dark bark (Betula obscura Kotula) with various shapes and intensity of curly grain (P���� 1980) were also found in the territory of Slovakia.
A considerable geographic variability of curly birch was found. The particular ecotypes are different in growth rate, length of vegetation period, representation of growth forms and various types of curly grain, etc. (J��������� 1989) .
The opinions concerning the origin of decorative timber of curly birch were different and they developed gradually. Several authors supposed that the occurrence of curly grain was conditioned by external environmental impacts, by mechanical influence on the cambium or by pathogenic process following various diseases (R���� 1954; V�������� 1935; S������ 1948; J������� 1949; A��������� 1964; S���-B����� 1974 and others) .
The hypothesis about the inheritance of decorative timber and systematic relationship of curly birch to Betula pendula became predominant gradually (H���������� 1933, 1951; S������ 1950, 1959; J��-����� 1952; L�������� 1947; V����� 1961; B������ 1963; L���������� 1975; J������� 1986; J��������� 1989 and others in P������� 1996) . R������� and R������� (1986) mentioned that the decorative structure of timber was hereditary, however its background was not described so far. R���� (1954) considered the occurrence of curly grain and decorative timber of curly birch to be a monogenic and lethal character. L���������� (1975) worked out a hypothesis according to which curly birch progeny was the generation of tree individuals -heterozygotes (Aa), shrubs -recessive homozygotes (aa) and dominant homozygotes (AA). Dominant homozygotes have a common type of timber (without decorative texture). L���������� (1978) and J��������� (1989) proved that the typical drawing of timber was inherited according to the rule of incomplete dominance. J������� (1986) considered decorative drawing of timber as a synthetic character that was the composition of many characters, mainly genetically conditioned ones. In connection with his own hypothesis he refused the theory of single recessive gene (a) as the carrier of decorative drawing of timber and dominant gene (A) that controls the creation of common timber. According to this author, in such a case all heterozygotes (Aa) would have the common type of timber, but there are individuals with decorative timber among them.
According to J��������� (1989) , curly grain is considered to be a recessive character and he considered individuals with curly grain to be homozygotes. The author described scarce occurrence of plants with decorative timber in birch populations as well as their lower vitality. However both J������� (1975) and J��������� (1989) mentioned a possibility of the occurrence of a gene controlling decorative timber among heterozygotes with common timber.
The genetic origin of curly grain and typical timber drawing was confirmed by progeny testing and also by experiments with curly birch introduction (S������ & S���������� 1969; A������-�����-K�������� 1975; L����� & J��������� 1977; E������ 1978; L���������� 1978 in P���� & P���-���� 1994) . At present it is evident that curly grain and decorative timber are regularly inherited within open pollinated progenies in different ecological conditions (J��������� 1989) .
In the last decade several evaluations of hybrid curly birch progenies from open and controlled pollination were carried out. They were focused on understanding the inheritance mechanism as well as on obtaining the seed material for conservation of this valuable gene pool. The production of this noble and high-valuated decorative timber comes into the foreground of scientific interest.
Curly birch has high requirements for light. It grows naturally on various soils except soils with abundance of moisture, with a high level of stagnant groundwater. It is considered to be a pioneer woody plant with low requirements for environmental conditions, very suitable for landscape restoration on non-forest soils that are difficult to use for agricultural production.
Curly birch grows as solitary plant, alternatively in small groups. Curly birch retreats from stands in consequence of shading. Its natural regeneration appears on glades, on margins of forest stands and on abandoned agricultural lands, so everywhere where it has sufficient light. The creation of curly grain indicating decorative timber is also very frequent in conditions of full light while in stands with higher density of plants it is reduced (L��-�������� 1978; R���� & J��������� 1979) .
Mainly stands outside woodlands are suitable for successful growing and timber production of this valuable technical form of birch. The utilisation of abandoned agricultural lands or degraded areas is a chance for successful establishment and planting of curly birch. The growing of curly birch can be an alternative of the effective land exploitation (considering quite a short production period -approximately 30 years) and it can also become an eco-stabilisation element in the landscape.
MATERIAL AND METHODS
We evaluated the height growth of full-sib progenies of curly birch and qualitative characteristics that are typical of this technical form of birch. The progenies are planted in the area of the University Forest Enterprise of Technical University in Zvolen, experimental base Tale. The site is almost a plain with moderate west exposure at an altitude of 800 m. The individuals are planted at a regular spacing of 2 m. The characteristics of the parent individuals are given in Table 1 . The outline of hybrid combinations of the analysed progenies is given in Table 2 .
The parent individuals come from different localities (mainly from the area of eastern Slovakia) and they represent various habit forms of curly birch (shrub, tree, mono-stem, multi-stem, with black or white colour of bark) as it is seen from Table 1 . Maternal plants that were used within controlled hybridisation are planted in Borova hora Arboretum of the Technical University in Zvolen. This material is only a part of the large archive of the most valuable plants of curly birch from Slovakia.
The first evaluation was done in 1998, in a period when progenies reached the age of 5 years Heights of plants were measured to the nearest 0.01 m and their diameter (dbh -diameter at breast height) to the nearest 1 mm. So far, the diameter of the analysed progenies was not evaluated because of irregular occurrence of curly grain on the trunk, which could decrease the detachment of measuring. More accurate measurements of the diameter growth of curly birch progenies can be done at higher age.
The basic statistical characteristics (mean, standard deviation and coefficient of variation) were calculated for each hybrid combination. One-way analysis of variance and Tukey's test were used to evaluate statistical significance of height differences between progenies of the particular hybrid combinations. Statistical significance of the influence of parent individuals on differences in the height of progenies was evaluated by the multifactor analysis of variance.
Besides the quantitative characteristics attention was also paid to other progeny characteristics that represent the inheritance of the characteristics of parent plants within the particular hybrid combinations. These characteristics are: colour of bark, occurrence of curly grain on the stem and branches, and plant habit. The first evaluation of the qualitative characteristics was done in 2001, when they were already identified on several individuals within the progenies. The representation of the qualitative characteristics was evaluated in percentage for each hybrid combination and χ 2 -test was used to evaluate statistical significance of the relationship between hybrid combinations and particular qualitative characteristics.
RESULTS AND DISCUSSION
In 1998, at the age of 5 years the first evaluation of the heights of hybrid progenies of curly birch from controlled hybridisation was done. The basic statistical characteristics for particular combinations are given in Table 2 .
The height values of the progenies were different in dependence on the hybrid combination of curly birch forms as it is seen from these data. In 1998 the highest mean value of height (1.51 m) was recorded in combination 3 of the shrub and tree form of curly birch with black bark. On the other hand, the lowest mean value of height (1.16 m) was found in combination 2 of the shrub form with black bark and tree form of curly birch with white bark.
A very high coefficient of variation (nearly 42%) was found in combination 2, which had the lowest mean value of height. The range of height values within this progeny was from 0.1 m to 2.1 m. Only two hybrid combinations (3 and 5) had the values of coefficient of variation below 25%, which suggests rather aligned height values within these progenies. In all analysed years high variability of plant heights within particular hybrid combinations was found. Especially in the last analysed year (2001) the coefficients of variation were about 45-48% in some cases (hybrid combination 2 and 4). These data correspond to findings of L���������� (1978) , who mentioned evident differences in height and diameter values between the generative progenies of curly birch forms. The distinctive differentiation of curly birch seedlings according to their height is evident in nurseries already in the first year of their growing and there is possible to identify shrub and tree forms among them.
In 1999 the highest mean value of height (2.07 m) was found in combination 12 of the two tree forms of curly birch where the maternal plant had black colour of bark and the pollen donor was a plant with white bark. Considering the low number of plants in this progeny, combination 3 of the tree and shrub form of curly birch, both with black colour of bark, is more representative. The average value of height in this progeny was 1.99 m. The progenies of both mentioned hybrid combinations had the highest values of height also in 2001. In 1999 as well as in 1998 the lowest mean value of height (1.53 m) was found in the progeny of combination 2. In 2001 the lowest mean value of height (2.01 m) was measured in progeny 8, which represents the same combination of curly birch forms as progeny 2 (shrub form with black bark × tree form with white bark).
The influence of the combination of parent plants on progeny height is evident already from the comparison of their basic statistical characteristics. This assumption was verified by one-way analysis of variance; its results are given in Table 3 .
The results of one-way analysis of variance confirmed statistically significant differences in the values of progeny height between various hybrid combinations in the whole analysed period of 1998, 1999 and 2001.
The significance of differences in mean values of height between the analysed hybrid progenies was verified by Tukey's test on 95% significance level (Table 4 ).
In 1998 statistically significant differences were confirmed between the following progenies: 2-3, 2-5, 2-9, 3-4, 3-8, 4-9 and 8-9. These progenies come from various combinations of different forms of parent plants and differences between them show interesting continuities. For example progeny 5 from the combination of two tree forms of curly birch with different colour of bark with mean value of height (1.51 m) is significantly different from progeny 2, with mean value of height (1.16 m) from the combination of shrub and tree form of curly birch with different colour of bark. Although progenies 4 and 9 come from the combination of plants with similar habit form (both are shrubs), they have significantly different mean values of height. Hybrid progeny 9 of two shrub forms of curly birch with black colour of bark with mean value of height (1.17 m) is significantly different from progeny 4 of two shrub forms with white and black colour of bark (1.44 m). The differences between progenies 9 and 8 are also interesting, when plants from the combination of two shrub forms with different colour of bark reached higher mean value of height (1.41 m) than plants from the combination of shrub form with black bark and tree form with white bark (1.18 m). While in 1998 and 1999 significant differences in mean values of height were found between the progenies of 7 hybrid combinations, in 2001 they were found already between the progenies of 9 combinations. However, only in four cases were significant differences found always between the same progenies during the whole evaluated period. As it results from data in Table 4 , the mentioned progenies are: 2-3, 2-5, 3-4 and 3-8.
During all three years one of the highest mean values of height was found in progeny 3 of the hybrid combination of curly birch shrub form (clone 2463) and tree form of curly birch (clone 81), both with black colour of bark. It is possibly the effect of distant hybridisation when parent plants with different habit were crossed.
This assumption is also supported by information given by L���������� (1978) , who compared identical forms of curly birch originating from various hybrid combinations and found their influence on the growth rate of progenies. The larger the differences between parent plants (taxonomic and form difference, respective distant origin of parent plants or different environmental conditions in which they were grown), the more intensive the growth of their hybrid progeny.
It was found by the evaluation for example that in dependence on the habit form of pollen donor (paternal plant) clone 2463 (shrub form with black bark) had progenies with higher or significantly lower mean value of height. Its progeny from the hybrid combination with clone 81 (tree form with black bark) had the highest mean value of height. On the other hand, its progeny from the hybrid combination with clone 176 (tree form of curly birch with white bark) had very low (even the lowest) mean values of height during the studied years. Such a comparison shows the different influence of the particular parent plants on the growth of their progenies.
These findings are also confirmed by the results of multifactor analysis of variance (Table 5 ). The statistically significant influence of parent plants (representing different habit forms) on the height of curly birch hybrid progenies was found in all evaluations in 1998, 1999 and 2001.
The significance of differences between the mean values of the progenies of particular parent plants was verified by Tukey's test (Table 6 ).
In 1998 and 1999 significant differences were confirmed between the progenies of identical pairs of parent plants. Statistically significant differences were found between the progenies of five pairs of maternal plants: 47-92, 47-1323, 2463-92, 1323-2463, 1323-92, as 1.16a
1.51c
1.17ab
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1.98c TB -tree form with black bark, SB -shrub form with black bark, TW -tree with white bark, SW -shrub with white bark as informative with respect to the evaluation of very young progenies where colour of rhytidome, curly grain on the trunk and habit form appeared just at the age of 8 years (in 2001). The highest proportion of plants with black bark (87.5%) was found in the progeny from the combination of maternal tree (47) with black bark and tree form (237) with white bark. The lowest proportion of plants with black bark was in progeny from the combination of shrub form with dark bark (2463) and tree form with white bark (176). In this progeny the ratio of plants with dark and white bark was approximately 1:3. The low proportion of plants with black bark (1:2) was also in the progeny of hybrid combination 2463 × 92 of two shrub curly birch forms with black colour of bark. The proportion of plants with black bark will probably increase with age not only in this progeny.
The bark colour was impossible to be identified on all plants. However, the results of χ 2 -test confirmed a statistically significant relationship between bark colour and hybrid combination of parent plants (Table 8) .
The occurrence of curly grain on the trunk, which indicates decorative texture of timber in progeny, was evaluated (Table 7) . The curly grain is noticeable on plants at higher age, therefore the first evaluation at the age of 8 years is considered to be just informative and in the next period the proportion of the plants with curly grain may increase.
The typical characteristic -occurrence of curly grain on the trunk or on branches was found in all 8 progenies (Figure 2) . The highest percent proportion of plants with curly grain (75%) was found in hybrid combination 12, where parents had the tree habit and maternal tree had black colour of bark. However, there is a reference to the low number of plants in this progeny. The ratio of plants with curly grain (they have decorative timber) to plants without curly grain was 2:1 within four hybrid combinations (8, 5 and 9).
The highest percentage (68.8%) of plants with curly grain was found in the progeny of curly TB -tree form with black bark, SB -shrub form with black bark, TW -tree with white bark, SW -shrub with white bark α < 0,05 *** birch shrub form with black bark (clone 92) and tree form with white bark (clone 237). The next two progenies come from the combination of tree form with dark bark (clone 47) and tree form with white bark (237) as well as from the combination of two shrub forms with white (clone 1323) and black (clone 92) colour of the bark. The ratio of plants with curly grain to plants without it was 1:1 within the progeny from hybrid combination 3 of the shrub form with dark bark (clone 2463) and tree form with dark bark (clone 81).
The obtained results show a higher proportion of plants with decorative timber in progenies from hybrid combinations of the shrub and tree forms of curly birch. The contrary findings of some authors are known from literature in connection with these results.
According to S������ (1950) the tree form of curly birch with low stem does not apparently have a higher proportion of plants with decorative timber in progeny; on the contrary such parent plants reduce their quality. On the other hand, B������ (1963) reported a high proportion of plants with decorative timber (75%) within the progenies from the crossing of curly birch tree forms with curly birch individuals with low stem and also within the progenies whose both parents had just the low-stem habit form as well as within the self-pollinated progenies of the tree and low-stem forms of curly birch. The author evaluated 10 and 20 years old plantings of curly birch. In his opinion during hereditary transfer the highest proportion of plants with curly grain (and decorative timber) appeared in the progenies of maternal plants with low stem (56%). The proportion of plants with mentioned characteristics in progenies of shrub maternal plants was 37% and within the progenies of tree maternal plants it was 35%. The mean proportion of plants with curly grain on the trunk was 43% within the whole evaluated planting. The proportion of plants with decorative timber will possibly increase in curly birch progenies in subsequent years because especially fine curly grain can be identified with higher reliability just at higher age. In 6 years old planting of curly birch in favourable environmental conditions R���� and J��������� (1979) found about 36% of the plants with evident characteristics of decorative timber, while in unfavourable conditions the proportion of such plants was only 1%. These authors also mentioned that early diagnostics of 1-3 years old curly birch plants was often subjective and provided only approximate information about the presence of plants with decorative timber in the planting. For example according to the results of early diagnostics there should be only 38% of the plants with decorative timber, but the anatomical analysis (method of trunk cross-section) showed 56% proportion of these plants in the analysed progeny. The intensive formation of curly grain takes place at the age of 10-20 years.
According to L���������� (1978) quickly growing plants without evident curly grain predominate in the progeny of curly birch with Betula pendula. Within the hybrid progeny of various curly birch forms the presence of slowly growing plants increases, but they have the characteristic curly grain on their trunk and branches.
The results of chi-square test (Table 8 ) confirmed a statistically significant relationship between the hybrid combination and occurrence of curly grain on the trunk in its progeny.
The curly birch individuals with different habit forms were used for controlled hybridisation, therefore the evaluation of inheritance of this characteristic was interesting within their progenies. Particular progenies were evaluated for the proportion of plants with tree, shrub and low-stem habit (the plant has a straight stem approximately to the height of 0.5 m, where it creates the more or less bushy crown).
Within the progenies of the parents with tree habit (progenies 1, 5 and 12) ( Table 7) only or mainly individuals with tree habit occur.
The dominance of tree individuals was also recorded in other progenies where at least one parent had the tree habit form (progenies 2 and 3). Exceptionally the progeny of hybrid combination 8, where parents are shrub form with dark-brown bark (clone 92) and tree form with white bark (237), has the highest proportion of tree individuals (56.3%) but the representation of plants with low stem is also relatively high (34.4%). The proportion of shrubs in this progeny was 9.4%. The highest proportion of shrub individuals (26.7%) was found in the progeny of hybrid combination 4, where the parents are two shrub plants with black bark 2463 × 92. The ratio of shrub to low-stem to tree form in this progeny is approximately 1:1:2 and it had the highest proportion (45.0%) of tree habit individuals.
The dominance of tree habit form was recorded in all hybrid progenies, also in those where the parents had shrub habit. The highest presence of tree individuals was in the progenies where both parents, or at least one parent, had the tree habit form. L���������� (1978) evaluated the growth of curly birch progenies from controlled hybridisation, where maternal plants of IIA form with low stem were crossed with various paternal plants. During the whole studied period she found the best height growth in the progenies obtained from crossing with Betula pendula and progenies from crossing with pollen mixture of the various curly birch forms were at the second place. The lowest values of height were found in progenies from hybridisation with curly birch shrub form and those that were obtained from self-pollination.
It can be declared that to achieve the highest proportion of tree individuals in the progeny is to cross the parents with tree habit form in controlled hybridisation. However, the proportion of tree individuals is also relatively high in the progenies where at least one of the parents has the tree habit form, the statistical significance of the relationship between hybrid combination and representation of the particular habit form within the progeny was also confirmed by the results of χ 2 -test (Table 8) .
Conclusion
According to the results mentioned above, it is possible to draw the following conclusions:
Curly birch progenies of the parents with tree habit have significantly higher mean values of height than progenies of the parents with shrub habit.
The effect of distant hybridisation can appear in the combination of parents with different habit forms and their progenies reach excellent growth rate as it is found in progeny 3, where curly birch forms with different habits (shrub and tree) were crossed.
There is a statistically significant relationship between the hybrid combination and the occurrence of the studied qualitative characteristics (habit form, decorative timber bark colour) in their progeny.
Decorative timber (indicated by curly grain on the trunk) is indicated in all evaluated progenies. In four of them the ratio of individuals with curly grain to individuals without it was 2:1 and in one progeny it was 1:1. The proportion of birches with decorative timber will possibly increase because especially the fine type of curly grain can be correctly identified at higher age.
The dominance of tree habit form exists in all hybrid progenies and also in those where parent individuals had the shrub habit. The highest proportion of tree individuals is in the progenies where both parents, alternatively at least one of them, have the tree habit form.
Full-sib curly birch progenies can be successfully used for timber production in the open landscape on abandoned agricultural lands. They have a high proportion of plants with decorative timber and appropriate tree habit, which is necessary for production of valuable timber.
